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A unique approach to the problem 
of safely transporting juvenile 
fish by truck has been designed 
and tested. 

Aircraft-Refueling Trailer Modified 
to Haul Salmon and Trout 

JIM R. SMITH and WESLEY J . EBEL 

ABSTRACT 

111 0 5,000 ~al/oll {(I1l/...1 FOIII lIIrcrct./i-r(/i/elill!? Irctilen lI'ere lIIodi.hed alld 

eqllipped II ilh li/('llIppOrr 1.1 lIeII/.I to hall I jlll 'ellile filh (H'all'ard lIIigrall(l) pasl 

l'arlO/1l le('({(I1/.\ 0./ Ihe SlIa/..e alld Collllllhw Ril'erl. The 1lI1I/...1 alld lUi> \/Ipporr 

IYllelll.1 were el alllllled /1'0111 ohle/TllllOlII (It' filh lIIorlalilY alld WaleI' qlllllilY 

IIleCIIIII'l' lIlellll I'l'( ore/ed dllnllt: hall 1.1 of a (0 {(I I of I.-i IIIII/Ii){l .llIh (olllpri .led 

of halchery ({lid wild IIOC/...I. l\.1ortalil/e.1 rctll{!ed FOIII 0.05 {() 1.33 percelll. 

Alla/,," of waler qllalily ill Ihe 1lI11/...1 illdicaled Ihlll Ihe life .llIpporl .IY.llellls 

were Illilahle .fur halllillg loadl (If lip to 1.5 pOl/lldl of.fllh per gal/oil of waleI' 

.filr 300--i50 IIlIlel (5-10 hr dllral/Oll). 

INTRODUCTION 

Anadromous salmon anu trout that 
pawn in the Columbia and Snah.e 

Ri ers (the Snah.e River IS a large 
tributary of the Columbia) con~titutc 
a valuable marine resourcc off thc 
we~t coast of the Unitcd States for 

both commercial anu ~port fi~hermen. 
In recent years. there have been 5ub-
5tantial losses of the Juvenile migrants 
uirectl y attribu ted to problems asso­
ciated with dams anu re~ef\Olrs (Long 
and Krcm a. 1969: Ebel. 1970) on the 
two ri ver. As a result. thc National 
Marine Fisheries Service has been con-

Figure 1. - Truck and trailer used by NMFS to haul juvenile salmon and trout dow n the 
Snake and Columbia Rivers in 1972. 
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ducting studies to determine whether 
a system of collection and transport 
of seaward migrants might be a pos­
sible solution for reducing the losses . 

Implementation of such a system 
would requi re vehicles that can haul 
large numbers of live fish over long 
distances. Two surplus aircraft-refuel­
ing tanks with a capacity of 5.000 
ga llons were altered and fabricated 
with life support systems for use in 
these experiments . 

This report describes the tank 
truch.s (with the special emphasis on 
the life support systems used in the 
tanh.s) and presents a brief summary 
of the use of the trucks in 1971 to 
transport fish downstream. 

FISH TANKS AND LIFE 
SUPPORT SYSTEMS 

The tanh.s that we used for hauling 
fish o rIgin ally had been used to hau l 
aircra ft fuel. Pumps. gauges. and oth­
er equipment used in refueling aircraft 
were removed. The interiors were 
sandblasted. steam cleaned. epoxy 
painted. and checked for toxicity be­
fore life support systems were installed. 
The cxterior of each tank was insulat­
ed with 3 inches of styrofoam . 

Each tank was divided into two 
main compartments. the forward com­
partment having three splash baffles 
and the rear compartment having a 
si ngle baffle. The combined capacity 
of the compartments was 5.000 ga l­
lo ns. However . part of the interior 
was needed for the overhead spri n­
kler system which reduced the haul­
ing space to about -+ .000 gallons. with 
2.200 gallons in the front compart­
ment and 1.800 in the rear compart­
ment. A refrigeration unit. recirculat­
ing pump. and filter. in addition to 
liquid and compressed oxygen bot­
tles . were installed on a platform at 
the rear of the trailer. The complete 



unit was 35 fee t long ove ra ll ; th e 
tank . 26 fee t long (F igure I) . 

A model R-IOOOD refrigeration sys­
tem . made by Harri T herm a l Trans­
fe r Produc ts. Inc .. ' was u ed fo r coo l­
in g a nd recircul atin g the wa te r suppl y. 
The 120.000 BTU sys tem ca n prov ide 
a maximum 10 deg rees pe r hour pull ­
down and ma inta in a preset te mpe ra ­
ture within 1.8 0 F (± I °C). Thi mode l 
chill e r was specificall y des igned to 
avo id cl ogging. 

The prim ary rec ircul a tin g pum p. 
which was provided 'A-ith th e chi ll e r . 
was capable of c ircul a tin g 150 ga ll o ns 
of 'A-a te r per minute. Spray ae ra ti o n 
from overhead nozzles and fro m Je ts 
nea r the bottom of th e ta n\.. provided 
o\.ygen and a lso insured adequ a te 
water e\.change in a ll areas o f th e 
tan\... (See Figure 2 fo r di agra m o f 
recirculation and aerati o n s)ste m .) A 
3 X 16 Inch Cy lindri cal sta ndpipe 
covered 'A-ith mes h sc ree n was placed 
over each of the six int akes (to th e 
refrigeration unit) whi ch we re evenl y 
spaced in the bott o m of th e ta nk . 
These standpipes preve nt dead fis h 
from bloc\"ing the int a \.. e l ines. Each 
of Sl\. inta\..e ports 'A-as fi tted wit h an 
orifice to provide eve n d istr ibution of 
flow from all intake ports regardl ess 
of loca tion from th e main in ta \.. e line. 
A standby pum p wi th 150-gpm ca­
pacity wa also p rovided for recircul a­
tion and aeration of water in case of 
failure of the refrige ration uni t. The 
entire water suppl) cou ld be ci rcul a t­
ed through the chille r a nd auxili ar) 
pump 111 about 27 min ute. 

A Model PF-IOO sand fi lte r. man u ­
fac tured b) the Pacific M anufactu r ing 
Com pany. 'A-as incorpo ra ted into th e 
rec ircul ating syste m to redu ce th e 
amount of foam. slime. feces. sca les. 
and regurgitated food in th e ta nk . 
T he de"ice could be adj usted to con­
trol the amou nt of wate r passi ng 
th rough it; th e volu me of fl ow was 
dete rmi ned by means of a fl owmete r 

t Reference to tra de names In this publi cat ion 
does not Imply end orsement of commerCia l 
produ cls by Ihe Nallonal Marine Fi sheri es 
Service 
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Fi gure 2. - Diagrammat ic view showing life support system In one of the six sections of the 
tank truck . 

on th e output s ide o f th e filt e r . Ia \.l ­
mum Alte rin g capac it y o f th e sys tem 
was 100 ga ll o ns pe r minu te . and it s 
'A- o r\" ing p re sure 'A- a 50 po und . Th e 
fi lt e r could be c leaned b) flu shin g 
about 70 gall o ns o f wa te r bac \.. through 
th e output side o f th e de vi ce. 

O\.)ge n was di sc ha rged 111 to th e 
ta n\.. through s i\. ca rbo rundum sto nes 
(2 inches in di a me te r a nd fro m 2-+ to 
5 -+ inches lo ng de pending o n locatl on 
in ta n\.. ) o r through th e rec ircul a tin g 
pu mp int a \.. e o r both . One liquid 0 \. )­

ge n bo ttl e (LC -3 size) se rv ed as th e 
m ain suppl) . T he bo ttl e v-. a equipped 
'A-ith a n expansi o n ch a mbe r \\hich a l­
lowed a continu ou suppl) o f gas a t a 
press ure o f -+0 ps i. O\. y gen fl o 'A- wa 
contro ll ed by a medica l type fl ow­
me te r whi ch was accura te to wi thi n 
± 0 . 13 ga ll on (± 0 .5 lit er) gas per 
minu te. One c)linder o f oxyge n of 
3. 000 pound-pressure was a l 0 carried 
fo r emergencies . 

Tem peratu re . OX) ge n in put. recir­
cul a tin g pu mp pressure . a nd o il pres­
sure o f th e refri ge ra ti o n unit \\ ere 
mo nitored fro m th e cab of th e truck. 

FISH HAULING OPERATIONS 
IN 1972 

About 1.-+ milli on ju ve nil e sa lm o n 
and stee l head trout . SII/1I 1O gll i rtill l' ri. 

were ha ul ed . The maj o rit y were sm olts 
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- so me were ta \..cn directl) fro m 
ha tche ri es and o th e rs \\ e re captured 
dUrin g th e ir seaward mi grati o n . 

Fish Hauled from 
Hatcheries 

About ( 20.000 o f th e Ii h hauled 
were ta \.. e n fro m ha tch e ri es. Appro \.i ­
ma tel ) 320.000 o f the hat che ry fis h 
we re tra n po rted a ra ther sh o rt di s­
tance - 30 m il es - to test the t ruc \.. 
) tems. but the rem aining 500.000 

we re trans po rted a cons idera ble di -
tance - -+50 mi les - d ov-.n the C o ­
lumbi a a nd Sna\..e Ri\ers . 

Coho a lmo n. OIl (o rhYll chl/\ J..i .l ­

I /l ch . th a t we re hau led 30 m il es fo r 
tes t purpose 'A-ere tra nspo rt ed from 
Ringo ld H a tcher) to holdi ng pe n 
near Pasco. W a h .. 8- 10 Febru a r) 
1972. Load de ns iti e varied fro m 0 .5 
to 1.5 Ib of fis h per ga ll o n of wa ter 
(T able I). Mo rta lity was nil a nd oxy­
ge n concentra tio ns re ma i ned hi gh . Ob­
viously. th e tra nspo rt sys tem was nev­
e r loaded to ca pac it ). Durin g one 
trip we w ished to exa mine th e effi­
c iency of th e ae rati o n tones fo r oxy­
ge na tin g th e wa te r. All o th e r life 
suppo rt systems were inacti vated . Thi s 
tra n po rt wa m ade with a li ght load 
of 0 .5 Ib o f fis h pe r ga ll o n o f wa te r . 
Dissolved oxygen a t destin a ti on afte r 
a 60- minute haul was reduced to a 



Table 1.-Transport dala from loads of var ious densilies of f ingerling coho sa lmon (20/lb) hau led 
from Ringold Halchery 10 Pasco, Wash ., February 1972 . 

Concentration of oxygen 
Temperature ( OF) In tank (PPM) 

Load Start Start Haul Recl rcu-
density of Destl- 01 Start 01 Destl - time latl ng system 
(lbs/gal) loading nation loading transport natIOn (min) operat ing 

0.5 45 46 11 .1 6.4 60 No' 
0 .75 39 39 11 .9 60 Yes 
0 .83 41 42 14 .7 7.9 90 Yes 
0 .87 48 46 13.4 13.4 12 .1 100 Yes 
090 44 45 168 11.4 10 .8 90 Yes 
10 48 48 13 .3 96 10.0 60 Yes 
11 41 43 12 .6 100 7.4 120 Yes 
1 5 39 39 14 .5 15 .3 60 Yes 

I Recirculating system operati onal dUring loadi ng . 

minim u m to lerable level of 6.4 ppm. 
Evidence accumulated from these 
series of hauls indicated that inject ing 
oxygen into the intake line of the 
pump was more efficient than inject­
ing through tones to maintain an 
acceptable oxygen concentration. 

The hauls o f 450 miles were made 
in April from Rapid River Ha tchery . 
Idaho . to Bonnevi ll e Dam . which took 
from 10 to 12 hours . Spring chinook 
salmon , O. 1~/I(I\I'Ylscl/(/, in moltin g 
conditi o n were hau led in these tests. 
Basic water qu a lity data such as tem­
perature a nd oxygen concentrations 
were reco rded at the desti na ti o n of 
each load along with mortaliti e that 
occurred during th e haulin g period . 

Mortality o f hatch e ry fish tran­
ported 30 and 450 miles was a lwa ys 
u nder 0.05 percent. Thus from these 
data , we cons idered the ta nk more 
than adequate for hauling hatchery 
smolts (the above fish were hau led a t 
densi t ies of I Ib of salmon per gallon 
of water over the lon ge r di tance 

and u p to 1.5 Ib per ga llo n for th e 
shorter distance). The ta nks were 
never loaded to capacity when all life 
support systems were operational; fur­
ther testing is needed to determine 
the maxi mum carryi ng capaci ties for 
ha tchery stocks. 

Transport of Fish 
Captured During 
Migration 

I n the spri ng , a to ta l of abou t 
600,000 ch i nook sa lmo n and steel­
head trout were coll ected at Little 
Goose Dam a nd tra nsported to Bonne­
ville Da m , a di sta nce of about 350 
road miles. W ater in the tanks was 
analyzed at Bo nnev ill e Dam for con­
centrations of a mm onia, nitrogen, dis­
so lved oxygen , carbon dioxide , pH, 
and total alka linit y. Basic data re­
corded durin g th e ha ul s when hatch­
ery-reared fish were transported were 
al 0 reco rded when smolts captured 
dur ing migrat ion were transported. 
These d a ta provided a basis for judg-

Table 2.- Transporl dal a from six loads of chinook salmon and sleelhead Iroul (mixed) hauled from 
Liltle Goose Dam 10 Bonnevi lle Dam , 1972 . 

Mortality Water quality from transport tank at dest 
No . l lsh Pounds Total 

Date In load per gal. Number Percent 02 CO2 NH3 pH alk 

5-6 33,000 0 .84 350 1.06 9.8 170 4.0 7.2 84 
5-8 43 ,076 1.10 243 0 .56 9.8 250 7.0 6.8 74 
5-9 43,3 13 0 .95 400 0.92 10.38 26.0 7.0 6.8 72 
5- 10 40,440 1 10 1,300 32 1 11 .96 29.0 80 6.8 73 
5-11 44 ,118 ' 1.10 696 1.56 18 .15 15 .0 62 6.8 62 
5-12 39 ,146 21.05 275 070 16.05 14.5 3.0 68 60 

I 1.5 pounds per gallon In rear compartment (1 1 overall load denSity) 
2 1 2 pounds per gallon In front compartment (1 05 overall load denSity) 
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Oxygen led , metered , 
to tank (LPM ) 

To reclrcu-
To latlng pump Mortal ity 

stone s Intake (%) 

7.0 No 0 
3.0 3.0 0 
3.5 1 .5 0 
30 3.5 0 
3.5 1 .5 0 
3.0 3.5 0 
30 1.5 0 
50 325 0 

in g water q ua lity control in ou r system . 
Of the above fi sh , 260,000 were 

used in a stud y to obtain info rm ati o n 
on water quality and mo rtalit y of fish 
as ociated with "hi gh dens it y" loads 
(Tab le 2). The water qualit y data 
from the above loads indicate th a t 
oxygen wa mo re than adequat e. The 
pH va lues were at a leve l where inter­
act io n between pH and tox icit y of 
ammo ni a did no t become a critical 
factor inAuencin g mort a lit y. The aver­
age mortalit y of the tra nsport ed fish 
was 1.33 percent. In addi ti on to these 
high density loads, 350,000 other 
smolts were ha ul ed in 33 trips to the 
Bonnevi ll e re lease si te. Average mor­
tality in the e loads was 0 .55 percent. 
A ll loads from Little Goose Dam were 
hauled in turbid . Snake Ri ver water, 
whi ch made fi ltra ti o n necessary. 

Although hi ghe r m o rt aliti es occurred 
with th e captured migrating fish than 
with th e fish taken directly from hatch­
erie, we believe that the tank and life 
suppo rt ys tem are nearly optimal 
for th e former group of smolts. The 
hi gher mortality of captured migra­
tin g fis h did not appear to be related 
to a subtl e stress facto r associated 
with th e response of thi s group of fish 
to haulin g. Rather , it appeared to be 
directly assoc ia ted with injuries in­
curred at the time of capture at Little 
Goose Dam (exam in a ti on of dead 
smo lts a t the release si te revealed that 
90 percent had some descaling or oth­
e r injury that probably occurred prior 
to hau lin g). 



Table 3. - Number 01 fish and quanlity of water need ed at slar l of haul for load densi ty of 0.25 To s impl ify loadi ng operations at 
Little Goose Dam , we developed a 
table that was used to determine the 
number of fis h to be loaded to attain 
any desired density (Table 3). Al­
though the table was of particular 
value to us , it could also be app lied 
to any hatchery re lease operation 
where tanks of 1,000-4 ,000 gallon 
capaci ty are used. 

Ib of fish per galion 01 water I (number of fish and q uant ity 0 1 wat er , of course, will vary with 
average body size of fish). 

Size of Quanlity of water In tank (gallons) 
fish 

(flsh/lb) 1.000 1.100 1,200 1.300 1.400 1.500 2,000 

1 250 275 300 325 350 375 500 
2 500 550 600 650 700 750 1,000 
3 750 825 900 975 1,050 1,125 1,500 
4 1,000 1,100 1,200 1,300 1,400 1,500 2,000 
5 1,250 1,375 1,500 1,625 1,750 1,875 2,500 
6 1.500 1,650 1,800 1,950 2,100 2,250 3,000 
7 1,750 1,925 2,100 2,275 2,450 2,625 3,500 
8 2,000 2,200 2,400 2,600 2,800 3,000 4,000 
9 2,250 2,475 2,700 2,925 3,150 3,375 4,500 

10 2,500 2,750 3,000 3,250 3,500 3,750 5,000 
11 2,750 3,025 3,300 3,575 3,850 4,125 5,500 
12 3,000 J,300 3,600 3,900 4,200 4,500 6,000 
13 3,250 3,575 3,900 4,225 4,550 4,875 6,500 
14 3,500 3,850 4.200 4,550 4,900 5,250 7,000 
15 3,750 4,125 4,500 4,875 5,250 5,625 7,500 
16 4,000 4,400 4,800 5,200 5,600 6,000 8,000 
17 4,250 4,675 5,100 5,525 5,950 6,375 8,500 
18 4,500 4,950 5,400 5,850 6,300 6,750 9,000 
19 4,750 5,225 5,700 6,175 6,650 7,125 9,500 
20 5,000 5,500 6,000 6,500 7,000 7,500 10,000 

2,500 3,000 

625 750 
1,250 1,500 
1,875 2,250 
2,500 3,000 
3,125 3,750 
3,750 4,500 
4,375 5,250 
5,000 6,000 
5,625 6,750 
6,250 7,500 
6,875 8,250 
7,500 9,000 
8,125 9,750 
8,750 10,500 
9,375 11,250 

10,000 12,000 
10,625 12,750 
11,250 13,500 
11,875 14,250 
12,500 15,000 

3,500 

875 
1,750 
2,625 
3,500 
4,375 
5,250 
6,125 
7,000 
7,875 
8,750 
9,625 

10,500 
11 ,375 
12,250 
13,125 
14,000 
14,875 
15,730 
16,625 
17,500 

4,000 

1,000 
2,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 

10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
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1 The number of fish needed for other load densities can be easily obtained by applYing thiS table 
For example, a load density of 0.50 Ib of fish per gallon of water would require tWice as many 
fish as shown above; a load density of 1.00 Ib would require four limes as many fish. 
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